Background: Evidence on the effects of lack of physical exercise, alcohol drinking and smoking on happiness is limited and inconsistent. We examined the associations of unhappiness with sociodemographic factors and these unhealthy behaviours in Chinese adolescents. Methods: In a school-based survey in 2012-13 in Hong Kong, 45 857 secondary school students (mean age 14.8 years, 54.0% boys) reported their happiness level (not happy at all/not very happy/happy/very happy), frequency of physical exercise, alcohol drinking status, smoking status and sociodemographic factors. A main and a sensitivity analysis examined the associations of unhappiness with the study factors, treating unhappiness as a binary (combining 'not happy at all' and 'not very happy') and a four-level ordered variable, respectively. Results: The main and the sensitivity analysis both showed that unhappiness was associated with older age, very poor families, non-intact families, more co-residing smokers, lack of physical exercise and alcohol drinking; current smokers were unhappier than never and ex-smokers; unhappiness also increased significantly with the number of unhealthy behaviours (P for trend < 0.001). Conclusions: In Chinese adolescents, unhappiness levels were higher in those who had a very poor family, a non-intact family and more coresiding smokers, and in those who were physically inactive, drank alcohol and smoked. [3] [4] [5] [6] although the evidence on moderate drinking is inconsistent. 7 The protective effect of physical exercise on mental health is also supported by randomized controlled trials. 3 However, mental health and happiness are different psychological dimensions and only moderately correlated.
Introduction

H
appiness is a global measure of subjective well-being and regarded as a fundamental human goal. 1 Although wealth, social support and life events (e.g., marriage) are known to affect happiness, 2 the role of health-related behaviours is unclear. Lack of physical exercise, heavy alcohol drinking or alcohol dependence and smoking have been prospectively associated with mental disorders, [3] [4] [5] [6] although the evidence on moderate drinking is inconsistent. 7 The protective effect of physical exercise on mental health is also supported by randomized controlled trials. 3 However, mental health and happiness are different psychological dimensions and only moderately correlated. 8 Therefore, the associations of these behaviours with mental health may be different from their associations with happiness. Moreover, mental disorders, as outcomes of interest, are of limited relevance because they affect only a fraction of the population, whereas happiness varies in the entire population.
A link between physical exercise and happiness has been found in several studies based on cross-sectional, [9] [10] [11] [12] prospective 13 and instrumental variable (IV) analyses, 14 although null cross-sectional findings were also reported. 15, 16 Alcohol drinking was linked to happiness in cross-sectional study and a study using IV analysis, 17, 18 but not in some other cross-sectional studies. 10, 11, 15 An inverse association between smoking and happiness was found in several cross-sectional studies, [18] [19] [20] [21] [22] but a positive association and null findings were also reported. 10, 11, 15 One study used prospective design and found no association between quitting and happiness. 22 Generally, the evidence is inconsistent whether lack of physical exercise, alcohol drinking and smoking have adverse effects on happiness, and we found no such evidence in Chinese adolescents. However, evidence for the adverse effects should be useful both in promoting happiness and in encouraging healthy behaviour change. We also found no study on the associations of sociodemographic factors with happiness in Chinese adolescents, except for one study which found Chinese adolescent boys were happier than girls. 23 This study examined the associations of unhappiness with sociodemographic factors and alcohol drinking, smoking and lack of physical exercise, in Chinese adolescents, using cross-sectional data of secondary school students in Hong Kong.
Methods
Data source
A cross-sectional survey of 45 858 students from 75 secondary schools was conducted in 2012-13 in Hong Kong. The survey used a random sample of secondary schools stratified by districts in Hong Kong, with a school and a student level response rate of 19 and 96%, respectively. The survey used an anonymous questionnaire and was conducted in classrooms. More detailed survey methods have been reported elsewhere. 24 Ethics approval was granted by the Institutional Review Board of the University of Hong Kong/ Hospital Authority Hong Kong West Cluster.
Measures
Happiness was assessed by one question: 'All things considered, you think you are:', with options of 'very happy', 'happy', 'not very happy' and 'not happy at all'. This simple subjective assessment of happiness has been used extensively and found to be strongly correlated with other objective indicators of well-being. 25 Moreover, despite the simplicity, single-item measures for happiness have been found to have adequate validity and reliability. 26 Lack of physical exercise was assessed by one question: 'In the past 7 days, besides physical exercise lessons, how many days did you exercise for 30 minutes or above?' with the options (0 day/1/2/3/4/5/ 6/7) recoded into three roughly evenly distributed categories: '3-7 days' (30.1%), '1-2' (38.4%) and '0' (31.5%). Alcohol drinking was assessed by one question: 'How often do you drink alcohol or alcoholic beverages?', with the options recoded as 'non-drinking' (option: I do not drink), 'less than monthly' (<1 day a month), 'monthly' (1-3 days a month), 'weekly' (1-3 days a week/4-6) and 'daily' (every day). To assess smoking status, students were asked (i) if they smoked in the past 30 days and (ii) to choose one of the following options: (a) 'I have never smoked'; (b) 'I have smoked once or a few times (for fun or to try a puff)'; (c) 'I used to smoke occasionally (not everyday) but have quit now'; (d) 'I used to smoke everyday but have quit now'; (e) 'I occasionally smoke (not everyday)'; and (f) 'I smoke everyday'. Those reporting smoking in the past 30 days for question (i) were classified as 'current smokers', and the others as 'non-current smokers'. Among the non-current smokers, those choosing (a) or (b) for question (ii) were classified as 'never smokers', and the others as 'ex-smokers'. Among the 1294 classified as ex-smokers, 71 chose (e) (i.e. smoking occasionally) for question (ii), and 47 chose (f) (i.e. smoking everyday), suggesting slight misclassification. To examine the association of quitting with unhappiness, those who smoked once or a few times were grouped into 'never smokers'. Another variable, indicating the number of unhealthy behaviours (0-3), was generated, with 0 day of physical exercise per week, any alcohol drinking, and current smoking each defined as an unhealthy behaviour.
Several smoking-related characteristics were reported, including starting smoking to feel less depressed or bored (yes/no) and to relieve stress (yes/no), current intention to quit (yes/no) and quit attempts in the past 12 months (yes/no).
Students also reported their age (in years), sex, perceived family affluence (relatively poor/poor to average/average/average to rich/ relatively rich), father and mother's education levels (postsecondary, university or above/secondary/primary/no formal education/do not know), and number of co-residing smokers (0/1/ 2 or more). Students reported whether they lived with their father (yes/no) and mother (yes/no), and a binary variable indicating family structure was generated, with the students choosing 'yes' for both parents deemed to have an 'intact family', and otherwise a 'non-intact family'.
Analysis
A binary outcome variable indicating unhappiness was generated, with the options of the happiness question grouped into an unhappy (not happy at all/not very happy) and a happy group (very happy/ happy). Poisson regression models with robust variance estimators yielded prevalence ratios (PRs) of unhappiness related to the study factors. 27 All these associations were examined again in a sensitivity analysis in which unhappiness was treated as a four-level ordered outcome variable (not happy at all/not very happy/happy/very happy), and ordered probit regression models yielded coefficients for these associations. PRs were presented as the main results because they allow straightforward assessments of the strength of the associations, while coefficients are difficult to interpret. PRs were chosen over odds ratios (ORs) because the prevalence of unhappiness was relatively high, and ORs, if interpreted as PRs, could be misleading in such situations.
The associations of unhappiness with sex, age, perceived family affluence, father and mother's education levels, family structure and numbers of co-residing smokers were examined first in univariable models and then with mutual adjustment of all these sociodemographic factors. After the adjustment, the factors associated with unhappiness were selected for adjustment in subsequent models. The associations of unhappiness with lack of physical exercise, alcohol drinking and smoking were examined first in univariable models, then with adjustment of the selected sociodemographic factors, and finally with further mutual adjustment of these behaviours. The associations of unhappiness with the number of unhealthy behaviours were examined first in univariable models and then with adjustment of the selected sociodemographic factors. The number of unhealthy behaviours was also modelled as a continuous variable to examine linear trend. The associations of unhappiness with several smokingrelated characteristics in current smokers were examined first in univariable models and then with adjustment of the selected sociodemographic factors. All the regression models adjusted for potential school clustering effect. All analyses used Stata 13.0, with statistical significance set at P < 0.05. Table 1 shows that the sample's mean age (SD) was 14.8 (1.9) years, and 54.0% were boys. In response to the happiness question, 3.3, 12.2, 59.6 and 25.0%, respectively, reported 'not happy at all', 'not very happy', 'happy' and 'very happy' (not shown in the tables). Current and ex-smoking were reported by 7.1 and 2.8%; less than monthly, monthly, weekly and daily alcohol drinking were reported by 18.4, 9.7, 4.2 and 1.4%, respectively; 3-7, 1-2 and 0 day of physical exercise per week were reported by 30.1, 38.4 and 31.5%, respectively. Table 1 shows that, after mutual adjustment of all the sociodemographic factors, unhappiness was associated with male sex, older age, non-intact families and more co-residing smokers; compared with being 'relatively rich', unhappiness was associated with being 'relatively poor' and inversely associated with being 'average to rich' and 'average'. Lower parental education levels were associated with unhappiness before but not after the adjustment. The sensitivity analysis in which unhappiness was treated as an ordered variable yielded results (Supplementary  Table SA1 ) that were similar with the above, with a few exceptions: After the adjustment, unhappiness was associated with female sex; compared with being 'relatively rich', unhappiness was associated with being 'poor to average' and 'relatively poor' but not with being 'average to rich' or 'average'. Table 2 shows that unhappiness was associated with lack of physical exercise, alcohol drinking and smoking before and after adjusting for the sociodemographic factors and after further mutual adjustment of these behaviours. After the mutual adjustment, the students reporting 1-2 and 0 day of physical exercise per week were 9 (95% CI, 2-16%) and 32% (22-42%) more likely to be unhappy than those reporting 3-7. Less than monthly, monthly, weekly and daily alcohol drinkers were, respectively, 40 (32-48%), 68 (56-82%), 134 (110-160%) and 179 (148-213%) more likely to be unhappy than non-drinkers. Current and ex-smokers were 61 (49-74%) and 32% (17-48%) more likely to be unhappy than never smokers; current smokers were significantly more likely to be unhappy than ex-smokers, given the nonoverlapping confidence intervals. Unhappiness was also associated with more unhealthy behaviours before and after adjusting for the sociodemographic factors. After the adjustment, the students reporting one to three unhealthy behaviours were, respectively, 20 (14-26%), 66 (53-79%) and 172% (148-199%) more likely to be unhappy than those reporting 0 (P for trend < 0.001). The results of the sensitivity analysis (Supplementary Table SA2 ) were similar with the above, except that, after the mutual adjustment, ex-smoking (compared with never smoking) was not associated with unhappiness. Table 3 shows that, in current smokers and after adjusting for the sociodemographic factors, unhappiness was not associated with starting smoking to feel less depressed or bored, starting smoking to relieve stress, intention to quit or quit attempts. The results of the sensitivity analysis (Supplementary Table SA3 ) were similar with the above.
Results
Discussion
We found older age was associated with unhappiness. This agrees with the Health Behaviour of School-aged Children (HBSC) 2013-14 study, which surveyed nearly 220 000 children aged 11, 13 or 15 years from 42 countries in Europe and North America. 28 The association may be related to the increased academic pressure and complexity of life events in older adolescents. We found lower parental education levels were associated with unhappiness before but not after adjusting for other sociodemographic factors. This suggests an effect of parents' education achievements on adolescents' happiness and that this effect is mediated by other factors. Further mediation analyses (not shown in the tables) suggested a mediating role of family affluence. We found non-intact families were associated with unhappiness, suggesting an effect of family structure on adolescents' happiness. We found more co-residing smokers were associated with unhappiness, which is consistent with our earlier finding that more co-residing smokers were associated with family unhappiness in children. 29 These associations may be due to residual confounding or family smoking's adverse effects on children's happiness and families' interpersonal wellbeing. The main analysis found an association of unhappiness with male sex, but the sensitivity analysis found an association with female sex. The absolute values of these estimates were small, indicating small sex effect. A study of Chinese adolescents and the findings in most but not all of the countries in the HBSC study agree with the sensitivity analysis. 23, 28 The main analysis found the most affluent adolescents were unhappier than those slightly less affluent, but the sensitivity analysis found no difference. The main and the sensitivity analysis both found the least affluent adolescents were the unhappiest group. These findings suggest that, in adolescents, very poor families lead to unhappiness, but, in situations where family wealth is above a certain level, being wealthier does not lead to more happiness. Although social inequality in health is well known, the observed associations of unhappiness with lower parental education levels and very poor families reveal social inequality in happiness in adolescents, which also warrants attention.
We found alcohol drinking and lack of physical exercise were associated with unhappiness. We also found current smokers were unhappier than never and ex-smokers. Although causality cannot be inferred from these cross-sectional associations, causal interpretations in which the unhealthy behaviours lead to unhappiness are supported by some plausible mechanisms. Physical exercise releases endorphin, which binds to the opioid receptors in the brain and thus leads to euphoria. 30 Moreover, exercise distracts people from negative thoughts and also increases self-efficacy, self-esteem and social contact and all of these could contribute to happiness. 30 Alcohol may trigger genetic markers that increase depressed mood. 31 Moreover, adolescent drinkers may encounter many undesirable situations, e.g. interference with school work, fights or conflicts with friends, feeling of alcohol dependence, and personality change. 32 The 'nicotine deprivation reversal model' posits that nicotine withdrawal between cigarettes causes repeated mood deterioration during the day, which results in deteriorated mood overall. 33 A study monitoring the happiness trend of smokers and nonsmokers during the day found smokers had lower average happiness scores than non-smokers. 34 Also relevant are some shared neurobiological pathways that may underlie the effects of these behaviours. Mood can be elevated by increases of monoamines (i.e. serotonin, norepinephrine and dopamine) and neurogenesis promoted by brain-derived neurotrophic factors (BDNF). 30 Although exercise increases monoamines and BDNF, 30 alcohol drinking and smoking both decreases BDNF, 35, 36 and respectively decreases norepinephrine levels and serotonin function. 37, 38 The association of lack of physical exercise with unhappiness in this study agrees with most of the other cross-sectional studies, 9-12 a longitudinal study, 13 and a study using IV analysis, 14 but disagrees with two cross-sectional studies with null findings. 15, 16 This association is generally supported by current evidence. The association between alcohol drinking and unhappiness in this study agrees with a cross-sectional study and a study using IV analysis, 17,18 but disagrees with several cross-sectional studies that yielded null findings. 10, 11, 15 The samples of the studies with null findings had substantially higher drinking prevalence than our sample. In settings where drinking is prevalent, non-drinking may be associated with lack of social contact or support, which may confound the association of drinking with happiness. Only five cross-sectional studies, including this study, have compared happiness levels among never, current and exsmokers. [19] [20] [21] [22] Three of them found that never smokers were happier than current smokers, 19, 20 while the other two found no difference. 21, 22 All of them found that ex-smokers were happier than current smokers. One of them had follow-up data but found no prospective association of quitting with happiness. 22 This synthesis of findings has important policy implications. The United States Food and Drug Administration recently proposed to discount the benefit of tobacco control measures in its economic evaluations, based on the rationale that smoking increases pleasures and happiness. 20, 22 Current evidence, this study included, however, does not support this rationale.
We found associations of unhappiness with each of the behaviours and a significant increase of unhappiness with the number of unhealthy behaviours. The finding that half of those reporting all the three unhealthy behaviours also reported unhappiness is concerning and calls for actions to improve the well-being of adolescents afflicted by both unhappiness and unhealthy behaviours. Our findings also add to the evidence for adverse effects of the unhealthy behaviours on happiness. For stronger evidence for such effects, we recommend researchers include happiness as a secondary outcome in randomized trials promoting healthy behaviours. Such effects, if confirmed, should be communicated to the public to promote healthy behaviours, especially in young people. Health messages incorporating benefits on happiness may be more refreshing than the traditional messages of preventing chronic diseases, which generally do not occur until middle age.
Our study has several limitations. First, because the study used cross-sectional design, its findings may have been affected by reverse causality. Unhappiness may lead to physical inactivity, and adolescents may use smoking and alcohol drinking to cope with unhappiness. The coping hypothesis implies that the smokers who start smoking because of being unhappy contribute to current smokers' low happiness levels. However, we found unhappiness was associated with neither starting smoking to feel less depressed or bored nor starting smoking to relieve stress, both of which may have reflected unhappiness before smoking initiation. The coping hypothesis also implies that unhappy smokers are less likely to quit, but we found unhappiness was associated with neither intention to quit nor quit attempts. Although prospective data are needed to confirm temporal sequences, these findings do not support the coping hypothesis in our sample. Such analysis was not conducted for alcohol drinking, because of the absence of corresponding variables. Second, unmeasured confounders may exist between unhealthy behaviours and unhappiness. For example, conscientiousness may influence both healthy behaviours and happiness. 39 Therefore, future studies with adjustment of personality traits (e.g. conscientiousness and extraversion) should provide stronger evidence for causal inference. In addition, a co-twin study suggested confounding effect of genes between physical exercise and happiness. 40 Third, the study was based on a survey with a low school-level response rate (19%). However, non-participation was mainly due to administrative reasons, 24 and the recruited and not recruited schools were similar with regard to key indicators of socioeconomic status, i.e. districts, funding sources, and mediums of instruction (Chi-square tests, Ps > 0.05).
To conclude, in Chinese adolescents, unhappiness levels were higher in those who had a very poor family, a non-intact family and more co-residing smokers, and in those who were physically inactive, drank alcohol and smoked.
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